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INTRODUCTION: There are currently few studies describing the
use of high-fidelity (hi-fi) simulation in teaching neonatal resuscita-
tion. Traditionally, residents are certified in the neonatal resuscitation
program (NRP) after successful completion of a multiple-choice writ-
ten examination and demonstration of skills during a hands-on ‘mega-
code’. In the present study, the use of a hi-fi simulation mannequin
was compared with a standard plastic mannequin when teaching the
megacode portion of the NRP.

METHODS: In the present pilot study, 15 first-year residents were
randomly assigned to demonstrate neonatal resuscitation knowledge,
with either the hi-fi mannequin (SimBaby, Laerdal Medical
Corporation, USA) or a traditional plastic mannequin (ALS Baby,
Laerdal Medical Corporation, USA). A written evaluation was con-
ducted before and after the intervention. Each pair of residents expe-
rienced the two scenarios. Video performance was then assessed and
compared.

RESULTS: Residents randomly assigned to the hi-fi mannequin rated
the experience higher (31+3.3 versus 27+3.5; P=0.026), and required
less redirection from instructors during the megacode (scenario 1:
4.5+1.7 versus 15+6.9; P=0.015 and scenario 2: 1.8+1.3 versus
9.3£2.5; P=0.0009) than those who were randomly assigned to the
plastic mannequin. Residents randomly assigned to the hi-fi manne-
quin did not have improved written scores or improved intubation
times.

CONCLUSIONS: The present pilot study demonstrated that a hi-fi
mannequin can be used as part of an educational program, such as the
NRP. The use of this technology in neonatal resuscitation training is
well-received by learners and may provide a more realistic model for
training. Further work is required to clarify its role in task performance
and team training.
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La simulation haute fidélité en réanimation
néonatale

INTRODUCTION : Peu d’études décrivent l'utilisation de la simulation
haute fidélité dans 'enseignement de la réanimation néonatale. D’ordinaire,
les résidents recoivent 'agrément du Programme de réanimation néonatale
(PRN) apres avoir réussi un examen a choix multiples et démontré leurs
compétences dans le cadre d'un « mégacode » pratique. Les auteurs ont
comparé l'utilisation d'un mannequin de simulation haute fidélité a un
mannequin de plastique ordinaire pendant I'enseignement du mégacode
du PRN.

METHODOLOGIE
15 résidents de premiere année ont été répartis de maniére aléatoire entre
un mannequin haute fidélité (SimBaby, Laerdal Medical Corporation,
Etats-Unis) et un mannequin de plastique ordinaire (ALS Baby, Laerdal

: Dans le cadre de la présente étude pilote,

Medical Corporation, Etats—Unis) pour démontrer leurs connaissances en
réanimation néonatale. Les résidents ont subi une évaluation écrite avant
et apres 'intervention. Chaque paire de résidents a vécu les deux scénarios.
Les auteurs ont ensuite évalué et comparé I'exécution par vidéo.
RESULTATS : Les résidents attribués de maniére aléatoire au mannequin
haute fidélité ont mieux évalué leur expérience (31+3,3 par rapport a
27+3,5; P=0,026) et ont demandé moins de réorientations aux évaluateurs
pendant le mégacode (scénario 1 : 4,5+1,7 par rapport a 15£6,9; P=0,015,
et scénario 2 : 1,8+1,3 par rapport a 9,3+2,5; P=0,0009) que ceux qui
étaient attribués de maniere aléatoire au mannequin de plastique. Les
résidents attribués de maniere aléatoire au mannequin haute fidélité
n’obtenaient pas de meilleurs résultats écrits et n’effectuaient pas
I'intubation plus rapidement.

CONCLUSIONS : Le présent projet pilote démontre que le mannequin
haute fidélité peut étre utilisé dans le cadre d'un programme de formation
comme le PRN. Le recours a cette technologie pendant la formation en
réanimation néonatale est appréciée par les stagiaires et peut fournir un
modele de formation plus réaliste. Il faudra poursuivre les travaux pour
clarifier le role de ce mannequin dans exécution des taches et la formation
en équipe.

Ithough neonatal intensive care curriculums require
teaching newborn resuscitation, the efficacy of current
programs may be suboptimal (1,2). The neonatal resuscita-
tion program (NRP) is widely used in Canada and the
United States to provide learners with the basic steps in
neonatal resuscitation; it has recently been updated (3).
The skill set taught by the NRP often forms the basis of
acute care training for paediatric residents and staff paedia-
tricians working in hospitals with neonates. Additionally,
the NRP is mandated for staff working on maternity floors.
Assessment of the NRP has been infrequent, although there
are reports that approximately 30% of the NRP steps are

not performed or are performed incorrectly (4). Furthermore,
it has been reported that residents are successful less than
50% of the time when attempting intubation, despite
recent certification in the NRP (1,2,5). Several studies
(6,7) have demonstrated that residents have relatively few
opportunities to lead resuscitations, even by the end of their
training. This precludes the consolidation of learned skill
sets and the development of competence through experi-
ence.

These reports are disconcerting and may be due to a
number of factors, including methods used in teaching the
neonatal resuscitation skill set. Different approaches to
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teaching neonatal resuscitation may facilitate learning, and
may hopefully lead to improved patient outcomes.

The use of simulation-based training in neonatal resusci-
tation has been described previously and has recently been
reviewed (8,9). It has been generally well-received by
health care members who are experienced in neonatal
resuscitation (8), and is recommended by many national
and international organizations including the International
Liaison Committee on Resuscitation (9-11). To the authors’
knowledge, there have been no previous reports in neonatal
resuscitation directly comparing the use of a high-fidelity
(hi-fi) simulator with a traditional mannequin.

Although simulation-based training is becoming increas-
ingly popular, its effectiveness compared with traditional
forms of teaching has been infrequently studied (12). The
purpose of the present pilot study was to determine whether
medical simulation using a hi-fi infant mannequin improves
the educational experience and/or performance of learners
during the NRP training.

METHODS

All first-year family medicine residents at St Michael’s
Hospital (Toronto, Ontario) were invited to participate in the
present pilot study as part of their NRP training. In Canada,
the NRP is traditionally taught by having trainees review
material by the American Academy of Pediatrics, write a
multiple-choice examination and then manage one or more
megacode scenarios using low-fidelity plastic mannequins.
Approval from St Michael’s Hospital research ethics board
was obtained for the present study, and written consent was
received for each resident before the training session.

In the present pilot study, 15 first-year family medicine resi-
dents were available to participate. All were instructed to
review the NRP manual and CD-ROM before the day of
instruction, and all received the same 1 h didactic training ses-
sion at the start of the day. This is the standard didactic train-
ing that accompanies the NRP manual. None of the participants
had previously taken the NRP or the paediatric advanced life
support course. The NRP written evaluation was conducted
before and after the megacode. All the residents were taught
how to operate the resuscitation equipment, how to provide
assisted bag-and-mask ventilation and how to intubate. They
were given 30 min of practice time with the traditional man-
nequin before the megacode scenarios.

The residents were randomly assigned to work with
either the hi-fi mannequin (SimBaby, Laerdal Medical
Corporation, USA) or the standard plastic mannequin
(ALS Baby, Laerdal Medical Corporation, USA) using a
computer-generated randomization program. The hi-fi man-
nequin was a sophisticated interactive patient model which
could breathe, cry and mimic seizure activity. Vital signs,
cardiac and respiratory status, pulse oximeter readings and
cyanosis could be adjusted in real time via a remote laptop
computer in response to learner actions, and were displayed
for learners on a standard neonatal monitor with appropri-
ate alarms. Visual cues from the hi-fi mannequin included
perioral cyanosis, absence of chest and abdominal wall
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movement, seizure activity and feedback from the monitors
(ie, apnea, bradycardia, low O, saturation and blood pres-
sure [BP]). Auditory cues included high and low alarm set-
tings for O, saturation and the cardiorespiratory and BP
monitors, as well as the baby’s cry.

Residents were paired within each track (hi-fi and stan-
dard) for two different megacode scenarios. Each student
took a turn leading one resuscitation and then assisting with
the second. The two megacode scenarios were identical for
the hi-fi and low-fidelity mannequin, each providing prepa-
ratory time for set up, as if in a resuscitation room. In St
Michael’s Hospital, use of both O, saturation and cardio-
respiratory and BP monitoring are available for known,
high-risk situations and are considered standards of care.
Oximeter probes are increasingly being used in all neonatal
resuscitation scenarios, in accordance with recent American
Heart Association and International Liaison Committee on
Resuscitation guidelines, which recommend avoiding hyper-
oxemia in the immediate newborn period (3,13).

Students were instructed to manage each case to the best
of their ability. If students were unable to proceed, they
were redirected by the instructors. Redirection did not
include tips on how to manage the clinical scenarios. Both
scenarios were adapted from the NRP textbook in use at
that time (14) and were modified by the authors (DMC, TB
and MF) who were experienced in neonatal resuscitation.
These scenarios were presented according to a script lasting
approximately 10 min. Students were given an introductory
stem and then 30 s to prepare the equipment. The first
megacode involved resuscitation of a full-term infant with
meconium aspiration, and the second scenario involved a
full-term infant with respiratory depression born to a
mother with a history of chronic narcotic ingestion. Both
scenarios described apneic newborns with persistent cyano-
sis and bradycardia requiring the learners to intubate, pro-
vide chest compressions and administer epinephrine via the
endotracheal tube or a simulated intravenous line. Learners
were not expected to demonstrate umbilical venous cathe-
ter insertion.

Videos of the megacodes were digitally recorded onto
DVDs. Performance was assessed using a predeveloped
checklist that was circulated among the authors and
another paediatrician, who was experienced in neonatal
resuscitation, for content validity (Appendix 1). The stan-
dardized checklist consisted of management items that were
scored as yes, no, or unsure, and if yes, the time at which it
occurred was recorded. A recently validated performance
checklist was not available at the time of the present study
(15). Video performance was then reviewed by the authors
(DMC and TB). Time to complete each performance task
was calculated on review of the video using running digital
time. The arrival time of the mannequin onto the warmer
was used as O s. The start of intubation was recorded and
taken as proxy for the time at which the intubation was
performed (Appendix 1).

Residents were asked to complete evaluation forms using
a previously developed questionnaire assessing resident
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TABLE 1 TABLE 2
Resident rating of educational experience Resident performance

Hi-fi (n=8) Standard (n=7) P Hi-fi (n=8) Standard (n=7) P
Overall rating (x/35) 3143.3 2743.5 0.026 Time to intubation (s)
Megacode rating (x/20) 18+2.2 15+2.7 0.023 Scenario 1 268+108 297460 0.32
Change in test scores +5.1£5.3 +2.0+2.7 0.26 Scenario 2 17934 198195 0.36

Number of redirect:

High-fidelity (hi-fi) represents those residents assigned to the hi-fi simulation um erc.) redirects
mannequin, while standard represents those randomly assigned to the standard Scenario 1 4.5+1.7 1546.9 0.015
mannequin. All values are expressed as means + SDs, unless otherwise stated Scenario 2 1.8+1.3 9.3+2.5 0.0009

satisfaction (Appendix 2) (16). The evaluation form con-
sisted of four questions evaluating the simulated scenario,
and three questions evaluating other aspects of the educa-
tional experience. Each question was scored by the resident
using a Likert scale response of 1 to 5. Satisfaction scores
from each resident were totalled; means and SDs were com-
puted and compared using the Student’s t test.

The time at which performance items were initiated was
recorded for each scenario. Means and SDs were calculated
for the trainees in both groups. Means were compared using
the Student’s t test. P<0.05 was considered significant.
Changes in the written evaluation test scores were also
compared between each group. The number of times the
scenario required redirection from the instructor was
recorded and used as a surrogate for realism.

RESULTS
Eight residents were randomly assigned to resuscitation
scenarios using the hi-fi mannequin. Seven residents were
allocated to resuscitation scenarios using the standard plas-
tic mannequin. The seventh resident in this group was
paired with a paediatric resident at a similar level of train-
ing, who assisted with the resuscitation only.

Residents in the hi-fi group rated the experience higher
than those randomly assigned to the standard teaching (over-
all 31+3.3 versus 27+3.5; P=0.026, megacode experience only)
(Table 1). There were no differences observed in responses to
the questions pertaining to the introduction session, debriefing
and instructors (Appendix 2, questions 5 to 7). Differences in
pre- and postwritten evaluation scores tended to be higher in
the hi-fi group but were not significantly different (hi-fi versus
standard +5.1£5.3 versus +2+2.7; P=0.26) (Table 1).

Residents in the hi-fi group required less redirection
from instructors during the megacode (scenario 1: 4.5+1.7
versus 15+6.9; P=0.015 and scenario 2: 1.8+1.3 versus
9.3+2.5; P=0.0009) (Table 2).

Performance task times were similar between groups and
seemed to improve after the first scenario (Table 2).
Residents in the hi-fi group tended to intubate sooner com-
pared with those using the standard mannequin (scenario 1:
268+108 s versus 297+60 s; P=0.32, and scenario 2:
179434 s versus 198495 s; P=0.36), but this did not reach
statistical difference (Table 2). There was no difference in
the time it took for residents to intubate, nor was there any
difference in the time it took for the other tasks to be com-
pleted (time to bag-and-mask ventilation, time to chest
compressions and time to administration of epinephrine).
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High-fidelity (hi-fi) represents those residents assigned to the hi-fi simulation
mannequin, while standard represents those randomly assigned to the stan-
dard mannequin. All values are expressed as means = SDs, unless otherwise
stated

DISCUSSION

To our knowledge, this is the first report of the use of hi-fi
simulation as an educational tool in teaching the NRP. Hi-fi
simulation has already been demonstrated to increase
individual learner skills, such as intubation of the adult
patient, and to improve aspects of team performance in
adult medicine (16-21). However, there is currently a pau-
city of research involving paediatric hi-fi simulation, with
most reports (20-22) being descriptive in nature. Simulation
has been objectively studied previously in neonatal resusci-
tation (8), but to date there has not been a comparison of
hi-fi simulation with standard teaching tools.

Our pilot study demonstrated the usefulness of hi-fi inter-
active medical simulation technology in teaching neonatal
resuscitation. As demonstrated in a previous study (8) using
a computerized simulator, the hi-fi mannequin was well-
received by learners. In addition, our hi-fi simulation pro-
vided a more realistic model for training students, engaging
the trainees more than a standard mannequin. The signifi-
cant differences in the number of redirects required by learn-
ers (posthoc analysis a=0.05, power of 90% power) suggests
that the computerized auditory and visual cues provided by
the hi-fi mannequin improved learner-response time and
seemed to promote independent decision-making during
both megacode scenarios.

Although there was a trend toward quicker task perfor-
mance for learners using hi-fi simulation, and a suggestion
of improved NRP written evaluation scores, these differ-
ences were not statistically significant. This may have been
due to the overall design of the study and the small number
of participants.

There are several limitations to our pilot study. The hi-fi
infant simulator was used in our study because it was read-
ily available. It differs from a true hi-fi neonatal simulator
in terms of size and access to the umbilicus for control
placement. We believed that this did not interfere with
our study because residents were instructed that these
were 4 kg term babies, and during the megacodes, umbili-
cal access was not required. Second, the number of resi-
dents in each group was small and randomization may not
have been adequate to demonstrate a difference. A post
hoc power analysis using these values (assuming an error
of 0.05 and power of 80%) would require more than
100 residents to demonstrate significant differences.
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Furthermore, the performance checklist has not been pre-
viously validated, although it is similar in content to a
recently validated tool (15). Finally, when analyzing
learner performance, the assessor was not blinded to the
intervention. It would have also been preferable to have
an independent observer who was skilled in resuscitation
to review the video footage. Future studies investigating
hi-fi simulation in neonatal resuscitation should include a
larger number of trainees, the recently published validated
tool and a hi-fi neonatal mannequin.

We also acknowledge that feasibility issues such as set-up
costs, capital equipment, human resources requirements, and
time and organizational constraints were neither explored
nor compared with traditional teaching methods in the pres-
ent study. In larger academic centres, in which resources are
more likely to be available and ‘simulation programs’ are
already in place (or being developed), these factors are less
likely to be limitations. However, this may not be transfer-
able to smaller nonacademic centres, where the NRP is often
taught. Further evaluation of these types of barriers would
need to be included to determine generalizability.

Hi-fi simulation also needs to be studied in terms of
improving team performance. Improved communication

APPENDIX 1

and training of staff have been recently identified as key
strategies in reducing perinatal and infant mortality (10).
Traditional teaching methods in neonatal resuscitation (ie,
low-fidelity mannequins or mannequins that have a defined
clinical response to a given treatment plan) may not ade-
quately provide health care workers with that training.
Reproducing resuscitation scenarios that are complex,
infrequent or emotionally charged are important and can be
accomplished using this training tool. The use of hi-fi simu-
lation in improving team performance in neonatal resusci-
tation was not assessed in the present study, but is of
ongoing interest to us and several other investigators
(10,16,23). Focusing on collaboration and improving team
skills during newborn resuscitation should improve patient

care (23-25).

CONCLUSION
The present pilot study demonstrates that a hi-fi manne-
quin can be used as part of an educational program, such as
the NRP. The use of this technology in neonatal resuscita-
tion training is well-received by learners and may provide
a more realistic model for training. Further work is required
to clarify its role in task performance and team training.

APPENDIX 2

Performance Assessment

Medical Simulation in NRP
Please fill in the following information for each participant:

Group: ____ Scenario #

Start time:

Baby arrives at:

End:

Performance Task Yes No Unsure Time

1) Call for help
2) Check equipment

a) Bag and mask

b) Oxygen supply

c) Suction

d) Intubation equipment

3) Effective bag and mask
ventilation

4) Attempt intubation

O ooooo o
O ooooo o
O ooooao

#1 #2 #3

5) Completed intubation 0
#of attempts at intubation:

Chest compressions 0 0 0
Medication given
a. Epinephrine #1

b. Chest compressions
restarted

c. Epinephrine #2

OoOooOo ooo
oooo ood
Ooooo ood

Resident Evaluation

Please circle the appropriate number using the following scale:

Negative Neutral Positive
1 2 3 4 5

1. Please rate your overall experience of the clinical scenario.

1 2 & 4 5
2. Please rate how realistic the environment was in

resembling a real delivery room.

1 2 3 4 5

3. Please rate the realism of the medical scenarios.
1 2 3 4 5

4. Please rate how good a tool you considered the scenario
and/or environment in reinforcing your teamwork skills.

1 2 3 4 5

5. Please rate the introductory session including the
information video.

1 2 3 4 5

6. Please rate the quality of the debriefings.
1 2 3 4 5

7. Please rate the faculty members/instructors involved.

1 2 3 4 5

Please provide any suggestions to improve the scenario learning experience:

BP asked for
UVC line placed
N/S bolus given O
6) Re-directs (Before/After baby arrived) /
22 Paediatr Child Health Vol 14 No 1 January 2009
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